ABSTRACT: Due to intricacies, considerable risks are involved in product recovery operations, therefore core competency and experience are prerequisite for successful implementation of Reverse Logistics (RL).To overcome this, organizations are outsourcing the recovery operations and are opting for Third Party Recovery Facilitators (3PRF) to obtain prominent results. This paper contributes by proposing a decision model to address risks associated with product recovery and suggesting criteria for suitable 3PRF selection. The study also introduces a novel approach, combining Interpretive Structural Modeling (ISM) and ELECTRE III methodologies to tackle this problem of 3PRF selection to improve decisions. ELECTRE III is a more reliable and pragmatic method, as it considers imprecision present in expert opinions and ensures that an extremely low score on a criterion cannot be compensated by good scores on other criteria. Subsequently, ISM methodology is used for identifying relationships among various criteria to determine the most significant ones. ELECTRE III method is then applied to select the most appropriate 3PRF based on the most significant criteria. The application of this novel approach can reduce risk involved and time during the process of recovery facilitator selection. Additionally, case study has been conducted to show the practical implementation of ELECTRE III methodology in selection process.
INTRODUCTION
Presently, consumption of virgin resources is increasing rapidly worldwide, as a result of escalating population and requirements of people. Accordingly, reckless consumption of natural resources is having a critical impact on our environment and is leading to unsustainable development of our society. Therefore, to restrain this uncontrolled exploitation of our ecological resources, concept of product recovery is being promoted across the world. This scenario has resulted in emergence of a new practice called Reverse Logistics (RL), which is a process of reclaiming value from end-of-use, end-of-life, obsolete and commercial returns with the help of various recovery operations, namely, recycle, resale, refurbish, cannibalization, remanufacture, repair and disposal. Further, according to Keong, 2008, 240 ,000 tons of virgin resources can be saved, if all the people across the globe return just one mobile device at the end of its life. This can curb emission of greenhouse gases to same extent as removing 4 million cars off the road. So, it can be affirmed that RL has enormous environmental scope and can contribute towards sustainable development.
Reverse logistics is quite opposite of forward logistics as it involves backflow of returned products from customers to manufacturers. Accordingly, logistics is defined as " the process of planning, implementing, and controlling the efficient, cost effective flow of raw materials, in-process inventory, finished goods and related information from the point of origin to the point of consumption for the purpose of conforming to customer requirements"(Council of Logistics Management, 2003) . On the other hand, RL can be defined as "The process of planning, implementing, and controlling the efficient, cost effective flow of raw materials, in-process inventory, finished goods, and related information from the point of consumption to the point of origin for the purpose of recapturing value or proper disposal" (Rogers and Tibben-Lembke,1999) . The process of reverse logistics can be depicted as shown in figure 1 given below:
Figure 1-Reverse Logistics Process
cost effective flow of raw materials, in-process inventory, finished goods, and related information from the point of consumption to the point of origin for the purpose of recapturing value or proper disposal" (Rogers and Tibben-Lembke,1999) . The process of reverse logistics can be depicted as shown in figure   1 given below: The first phase of RL is screening, which is done to ensure that only required returns enter the chain of recovery operations so that efforts and time do not get wasted. Further, collection involves gathering returns from different locations and transporting them to concerned warehouses for sorting. Sorting is done to separate the products having residual value from scrap which needs to be disposed off. Finally, Beside the benefits, product recovery is a multifaceted and uncertain process as it involves unpredictable amounts and timings of the returns. Therefore, to deal with this complicated process of RL effectively, core competency and experience is necessary. As a result, most of the enterprises are going for outsourcing of product recovery operations and are opting for Third Party Recovery Facilitators (3PRF). Further, in order to get prominent results, selection of suitable 3PRF is essential. In this line, paper proposes a decision model to address the issue of suitable 3PRF selection. In previous researches, various techniques such as AHP, TOPSIS, and ANP etc. have been applied for selection of RL providers (Govindan and Murugesan, 2011; Meade and Sarkis 2002; Efendigil et al. 2008 ). The present research introduces a novel approach by combining ISM and ELEC-TRE III methodologies to determine the appropriate 3PRF. ELECTRE III is a more reliable method to handle this issue of 3PRF selection, as it ensures that an extremely low score on a criterion cannot be compensated by the good scores on other criteria (Wang and Lee, 2007) . Unlike other methods, it is also a more practical and realistic technique as it also takes account imprecision present in the information. The study also considers a comprehensive list of criteria for selection procedure, some of which have not received the due consideration in available literature. The ISM methodology determines relationships among the various criteria to identify the most significant ones. Further, based on the most significant criteria, appropriate 3PRF is determined using ELECTRE III method. The application of this innovative approach can reduce complexity and time taken during the process of recovery facilitator selection. Additionally, case studies have been conducted to show the implementation of ELECTRE III methodology for 3PRF selection. The rest of the paper is organized as follows: Section 2 contains literature review, Section 3 explains ISM methodology, Section 4 deals with MICMAC analysis, Section 5 shows the implementation of ELECTRE III technique, Section 6 provides findings of the case studies and Section 7 contains conclusions and managerial implications.
LITERATURE REVIEW
Reverse Logistics is a value recovering process in which value of end-of life, used, defected, and obsolete products is reclaimed with the help of various product recovery operations (Guo, 2012) . Initially, RL was mainly considered as a method of recapturing the value of product returns through recycling only. Nevertheless, scope of RL has evolved with time as amount of product returns has increased up to 50% of sales (Prahinski and Kocabasoglu, 2006) and presently, it is being implemented in different sectors of industries. Additionally, efficient management of product recovery operations results in enhanced customer relationships, conservation of virgin resources and an estimated reduction of about 10% in total annual logistics costs (Andel, 1997; Giuntini & Andel, 1995; Minahan, 1998) . Despite these benefits, RL and its strategic value is often ignored by the organizations ). The reasons for this reluctance towards RL implementation are: preoccupation with core business (Saccomano, 1997) , Lack of awareness , intricacy in selection of suitable disposition option for handling the returns (Richey et al., 2005) , difficulties in collection and transportation of returns (Baumgartner, 2000) and costs involved (Jayant et.al, 2012) . Further, Meade and Sarkis (2002) stated that management of product returns can be difficult when arriving rate of returns is greater than recovery decision making rate as it can result in piling up of returns inventory. However, in present scenario organizations are obligated to take accountability of the returns due to extended producer responsibility and legislative regulations imposed by government (Aitken and Harrison, 2013) . Consequently, due to these complexities and obligations involved, organizations are opting for outsourcing of RL and are taking the assistance of 3PRF. Meade and Sarkis (2002) introduced the concept of third party recovery facilitators and implemented the Analytical network process (ANP) for selecting the suitable one. Accordingly, Guo (2011) proposed Analytical hierarchy process (AHP) for determining the appropriate 3PRF based on various criteria. Subsequently, Efendigil et al. (2008) and Govindan and Murugesan (2011) suggested the Fuzzy AHP and Fuzzy extent analysis for the same. Moreover, various techniques have been also proposed in literature for supplier selection in conventional supply chain Li et.al, 2011; Lee et.al, 2012 etc.) . Most of these Multi criteria decision making (MCDM) techniques present in literature are deficient in handling with the uncertainty and imprecision existing in the expert opinions. Additionally, some of the suggested decision models undergo information loss while processing, resulting in erroneous decisions (Liu and Wu, 2013) . This paper suggests a novel MCDM technique, ELECTRE III, for selecting the suitable 3PRF as unlike other methods it considers the imprecision present in data and also ensures that an extremely low score on a criterion cannot be compensated by the good scores on other criteria. ELECTRE III is further integrated with Interpretive Structural Modeling (ISM) for identifying the most significant criteria in order to select the 3PRF in a more focused and reliable way.
The selection of suitable 3PRF is an intricate process as it involves comparison of various RL providers on the basis of different criteria. In order to assess the recovery facilitators, it is required to identify the decision criteria that would reflect multi-functionality of a 3PRF (Zhang and Feng, 2007) . Moreover, there is a possibility of overlap between attributes for supplier selection and 3PRF selection. Therefore, quite a number of papers including literature on supplier selection in forward supply chain have been explored to identify the criteria which need to be considered during selection process. Table1 provides a summary of some of the papers studied. Although, a large number of attributes have been considered in literature for outsourcing of reverse logistics, still some factors have not received adequate attention till now, which include proper location of warehouses, optimum utilization of transportation, creative management, compatibility of information system and facility location site etc. These factors are essential to be considered in the selection process as they reflect the multi-functionality of 3PRF and its ability to perform the RL operations effectively and efficiently. Subsequently, on the basis of literature and discussions with the experts, a total of 10 criteria and 43 sub sub-criteria have been identified for selection of proper 3PRF. The experts are from the organizations implementing RL process in automobile and manufacturing sectors and as well as from academia. Table 2 gives a comprehensive list of criteria and sub-criteria considered in this work. Govindan and Murugesan (2011) 10) Effectiveness (EFC) Facility location site, Recovery processing speed Guo(2012) To deal with entire maze of attributes, Interpretive Structural Modeling (ISM) is used for determining the relationships among criteria to identify the most significant ones. ISM is very helpful in such circumstances and provides a systematic method of arranging the attributes in hierarchal order.
INTERPRETIVE STRUCTURAL MODELING
Interpretive Structural Modeling (ISM) is a breakthrough for studying intricacies of a system and to understand various interactions among the components of the system. ISM portrays the interrelationship among the elements through a structural model consisting of links that define the direction of contextual relationship among the elements (Sohani and Sohani, 2011) . Accordingly, ISM models assist in the transformation of vague, inadequately articulated mental models of systems into perceptible, precise models helpful for many purposes (Ahuja et.al, 2009 ). It has been widely used in several researches for determining the relationships among the variables (Saxena et al., 1992; Ravi and Shankar, 2005; Mathiyazhagan et al. 2013 ). Moreover, it is an 43 appropriate modeling methodology to obtain the significance of various variables through evaluating the effect of one variable on other variables (Gupta et.al, 2012) . The flow diagram of ISM is as depicted in figure 2.
Figure 2: Flow Diagram of ISM
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Application of ISM to determine the relationships among the identified criteria

After identification of 10 criteria and 43 sub-criteria through literature review, brain storming and expert opinion, analysis was carried out to determine the interrelationships among the various criteria. Accordingly, on the basis of steps explained in flow diagram, ISM is applied to find the interactions among the criteria given in table 2 for recovery facilitator selection.
Develop Structural Self Interaction Matrix (SSIM):
Opinions of 5 experts, 4 from automobile and manufacturing sector and one from academia, are used to develop the contextual relationships between different criteria by performing the pair wise comparisons. The symbols used to represent the relationship between the attributes are given below (i and j):
V -attribute i will help in achieving attribute j;
A -attribute i will be achieved by attribute j ; X-attribute i and j will help to achieve to each other;
O -attribute i and j are unrelated
The SSIM constructed for 3PRF selection criteria using above described symbols is shown in Table 3 .
Construct Initial Rechability Matrix :
Initial reachability matrix is developed from the SSIM by converting each cell entry into binary numbers "0" and "1". The substitutions are performed according to following rules:
• If the (i, j) entry in the SSIM is V, then the (i, j) entry in the reachability matrix becomes 1 and the (j, i) entry becomes0.
• If the (i, j) entry in the SSIM is A, then the (i, j) entry in the reachability matrix becomes 0 and the (j, i) entry becomes1.
• If the (i, j) entry in the SSIM is X, then the (i, j) entry in the reachability matrix becomes 1 and the (j, i) entry also becomes 1.
• If the (i, j) entry in the SSIM is 0, then the (i, j) entry in the reachability matrix becomes 0 and the (j, i) entry also becomes 0.
The initial rechability matrix constructed for the criteria is shown in table 4 
Construct Final Reachability Matrix:
The final reachability matrix is obtained by incorporating the transitivity in the initial reachability matrix on the basis of transitivity rule i.e. if X is related to Y and Y is related to Z, then X is also related to Z. The final reachability matrix obtained is shown in Table 5 along with the driving power and dependence power. The driving power of a variable is the total number of variables including itself which it may help to achieve (i.e. row sum). The dependence power is the total number of variables including itself which it may help in achieving it (i.e. column sum).
Level Partitions
The reachability set and antecedent set for each criterion is determined from the final reachability matrix. The reachability set consist of the criteria itself and the other criteria, which it may influence, whereas the antecedent set (A) consists of the criteria itself and other criteria, which may influence it. Next, intersection set, which is the intersection of corresponding reachability and antecedent sets are constructed. The criteria having similar intersection and rechability set are assigned top level position in the ISM hierarchy and are removed from the rest of the criteria. The procedure is iteratively repeated for the remaining criteria till levels are assigned to all the respective criteria. The first iteration is as shown in table 6. As it can be observed from table 6, Social Aspect (SA) has been assigned level I i.e. the top most position in the ISM hierarchy, which implies that SA will not influence any other considered criteria. Subsequently, after removing SA the entire iteration is repeated till rest of the criteria attain their respective levels. In this case, a total of seven iterations have been performed giving seven levels of ISM hierarchy. The iterations are shown in Table 7 . 1. Autonomous variables: These are the variables which have weak driving power and weak dependence power. These variables are relatively disconnected from the system and have minimum influence. They are positioned in Quadrant I.
Dependent variables:
This category represents those variables which have weak driving power but strong dependence power i.e. they will not drive other variables but will be strongly driven by others. They are represented in Quadrant II.
Linkage variables:
The variables which have strong driving power and strong dependence power falls in this category. These are the unstable variables and any action on them will not only affect the other variables but may also have a strong feedback affect on them. They fall in Quadrant III.
Independent Variables:
These are the variables which have weak dependence power but strong driving power. They are the key variables as they are not affected by other variables but will play an important role in driving the other variables. They are placed in Quadrant IV In this case, the driving power and dependence power of all the criteria considered for the selection of 3PRF are acquired from the final reachability matrix represented in table 5 and driving power Vs dependence power diagram is constructed as shown in figure 4. 
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On the basis of ISM model and MICMAC analysis, it can be inferred that Infrastructure with driving power of 10 and dependence power of 6, is the most significant criteria that should be considered during the selection of recovery facilitator followed by Capability and Compatibility on the next level, then Reverse Logistics Functions on the third last level and so on. Further, it can be very tedious for organizations to consider all the attributes and subattributes during the entire selection process. So, the hierarchical model obtained with the help ISM methodology has been used for initial screening of criteria. Final selection of 3PRF can be done on the basis of attributes acquiring the bottom levels of model as they are the most significant ones. Moreover, it is believed that considering only important attributes in the final selection can provide a more focused view and would not have any adversarial affect on final results obtained. Thus, only the four most important criteria namely, Infrastructure, Compatibility, Capability and Reverse Logistics Functions are being considered for the selection of 3PRF.
ELECTRE III method is being used for final selection of appropriate 3PRF based on the four most important criteria. In the literature, mostly methods such as ANP, AHP, DEA etc have been used singularly for the purpose of supplier selection. But, in this study ELECTRE III method together with ISM has been used to select the facilitator in a more precise and focused manner. ELECTRE III is a more reliable and realistic method for tackling such kind of problems, as it ensures that a very bad score on a criterion cannot be compensated by the good scores on other criteria (Wang and Lee, 2007) and decides the preferences on the basis of threshold values. A brief description of ELECTRE III is presented in the next section.
ELECTRE III
The acronym ELECTRE stands for: ELimination Et Choix Traduisant la Realité and is first proposed by Bernard Roy at SEMA consultancy company in 1965 (Roy, 1991) . It is also applied in many other papers such as Sheppard et.al, 1999; Silva and almeida, 2012; Wang and Lee, 2007; Carlos, 2005 etc. ELEC-TRE is a multi-criteria decision analysis method that takes into account the uncertainty and imprecision, which are usually inherent in data produced by predictions and estimations. Traditional methods assume that the following two relations hold for two alternatives (a, b).
aIb (a is indifferent to b) g(a) = g(b)
(Where g(a) and g(b) are the performance of the supplier a and b respectively).
But sometimes there is a possibility that g(a) is only negligibly greater then g(b) and in that case we cannot say clearly that g(a) is preferable than g(b). These two thresholds are defined as:
Indifference Threshold (q)-If difference between the performances of two alternatives is below indifference threshold, decision maker cannot make a choice between the two options.
Preference Threshold (p) -If difference between the performances of two alternatives is above preference threshold, decision maker can make a clear choice between the two options.
The ELECTRE methodology comprises two main procedures: the first part consists of construction of Outranking model and next step is to exploit the model and produce a ranking of suppliers from credibility matrix. Outranking relation is created with the help of following:
Concordance Index-It represents the extent to which the assertion aSb (a is at least as good as b) is valid for each pair of facilitators.
Discordance Index -It measures the degree of disagreement with the assertion aSb (a is at least as good as b) for each pair of facilitators with respect to each criteria.
For the calculation of discordance index another threshold called Veto Threshold (v) is required. Veto threshold can overrule the assertion aSb if there is any criteria for which 3PRF candidate B outperforms candidate A by at least the veto threshold i.e gj(b)>gj(a)+vj where where gj(a) and gj(b) are the performance of the 3PRF A and B respectively for jth criteria and vj is the veto threshold for jth criteria.
Application of ELECTRE III Method for Supplier Selection
This section demonstrates the application of ELEC-TRE III method to select the most appropriate recovery facilitator. The data regarding the performance of the various 3PRF has been assumed hypothetically for the purpose of demonstrating the ELECTRE III methodology. The steps of ELECTRE III are as follows:
Step 1) Deciding the weights of all criteria which are under consideration for selection procedure.
A number of methods are present to calculate the weights of criteria. On the other hand, in some cases all the criteria are given same importance as decided by decision maker. In this case, Analytical Hierarchy Process (AHP) is being used to determine the weights of four most essential criteria, which are being considered for selection of 3PRF. A sample of concerned calculations is given in APPENDIX 1. The weights of the criteria thus obtained with the help of AHP and expert opinions are shown in Table 8 . Step 2) Constructing the decision table: For the evaluation of recovery facilitators with respect to the considered criteria, judgments are taken from experts handling the returns. The 3PRF are rated for each attribute on a scale of 1to 9 (1, 3, 5, 7, 9; very weak, weak, moderate, good, very good) and is shown in table 9.
Step 3) Deciding the Threshold values (Rogers and Bruen, 1998) : Threshold values are subjective and variable. They depend on the task and situation under consideration. These values are decided by discussion with experts and are shown in table 10. Step 4) Calculation of Concordance Index: It is calculated with the help of following equations:
le of 1to 9 (1, 3, 5, 7, 9; very weak, weak, moderate, good, very good) and is shown in g the Threshold values (Rogers and Bruen, 1998) Step 4 attribute on a scale of 1to 9 (1, 3, 5, 7, 9; very weak, weak, moderate, good, very good) and is shown in table 9.
Where A and B are two different recovery facilitator candidates, (j=1,…..,m) is the weight of each criteria, (j= 1,…,m) is the jth criteria, and
The individual comparison indices ( , ) for each criterion are calculated as follows: Where and denote the indifference and preference thresholds, respectively, for criterion "j" and and are the assessment for the jth criterion of the candidates "A" and "B" , respectively. A sample of calculations made is given in APPENDIX 2. Similarly all the other concordance indexes are calculated and concordance matrix is given in table 11.
Step 5) Calculation of Discordance Index: It is calculated with the help of given equation:
sample of calculations made is given in APPENDIX 2. Similarly all the other concordance indexes are calculated and concordance matrix is given in table 11.
Where ( j = 1……,m) is veto threshold. A sample of calculations made is given in APPENDIX 3.
Step 6) Credibility calculation: It measures the degree of outranking and is defined with help of following equation:
; ( , )
Where J (a,b) is the set of criterion such that ( , ) > ( , )
The credibility matrix, S obtained with the help of above equation is shown in table 12.
Where Ʋ j ( j = 1……,m) is veto threshold. A sample of calculations made is given in APPENDIX 3.
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efined as below:
The credibility matrix, S obtained with the help of above equation is shown in table 12. Up to this is the construction of outranking model and the next step is to exploit the model and produce a ranking of 3PRF based on the outranking index. The general approach for exploitation is to construct two preorders Z1 and Z2 using a descending and ascending distillation process (respectively) and then combine these to produce a partial preorder Z = Z1 ∩ Z2.
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iteration the values of Q obtained are following:
A "credibility value" s( ), is determined such that only values of S that are sufficiently close to are considered. Thus if = 1, let s( ) = 0.15. For the given case the matrix obtained is as below: ication for each facilitator is determined, which can be defined for 3PRF A, Q(A) as the number Fs that are outranked by 3PRF A minus the number of 3PRFs which outrank 3PRF A. In other , Q is simply the row sum minus the column sum of the matrix T. The 3PRF having the highest cation is the first distillate of D1. If D1 have only one 3PRF, previous process is repeated with A \
Step 8) Descending distillation:
Qualification for each facilitator is determined, which can be defined for 3PRF A, Q(A) as the number of 3PRFs that are outranked by 3PRF A minus the number of 3PRFs which outrank 3PRF A. In other words, Q is simply the row sum minus the column sum of the matrix T. The 3PRF having the highest qualification is the first distillate of D1. If D1 have only one 3PRF, previous process is repeated with A \ D1. Otherwise, the same process is applied inside D1. If distillate, D2 contains only one alternative, the procedure is started in D1 \ D2 (unless the set is empty); otherwise it is applied within D2, and so on until D1 is used up. The procedure is then repeated starting with A \ D1. The outcome is the first preorder Z1that is the descending distillation.
For the first iteration the values of Q obtained are following:
Since, Q(A) has the largest value so, 3PRF A will be the first distillate. Similarly, on performing the next iteration 3PRF B and 3PRF C will be the second distillate and will occupy the same ranking.
Step 9) Ascending distillation:
The ascending distillation is carried out in a similar fashion except that the facilitators with the smallest (rather than the largest) qualification are retained first.
In this case, the result of both the distillation is same so, the final ranking obtained is as below:
>
It can be deduced from the results that recovery facilitator A is the most suitable one as it occupie position in ranking. Then, the facilitator B and facilitator C have same performance as they obtained same ranking. But, still if we have to choose between the candidates B and C then depend on decision maker's preference or can be decided based on the performance of candidates most significant criterion.
Case Study
Case study has been conducted in an automobile manufacturing organization with the intent to practical application of suggested methodology for 3PRF selection and to discover significan considered criteria in the process. The organization is planning to adopt the practice of RL to returns and is deciding upon outsourcing of recovery operations. Although, a large number of rec facilitators are available, organizations are facing difficult to identify the most suitable one. Ho organization has shortlisted three 3PRF candidates for final selection and has provided inform 3PRF B
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It can be deduced from the results that recovery facilitator A is the most suitable one as it occupies first position in ranking. Then, the facilitator B and facilitator C have same performance as they have obtained same ranking. But, still if we have to choose between the candidates B and C then it will depend on decision maker's preference or can be decided based on the performance of candidates in the most significant criterion.
CASE STUDY
Case study has been conducted in an automobile manufacturing organization with the intent to show practical application of suggested methodology for 3PRF selection and to discover significance of considered criteria in the process. The organization is planning to adopt the practice of RL to handle returns and is deciding upon outsourcing of recovery operations. Although, a large number of recovery facilitators are available, organizations are facing difficult to identify the most suitable one. However, organization has shortlisted three 3PRF candidates for final selection and has provided information regarding performance of each candidate in order to select the best one. The assessment of candidates with respect to each criterion (1, 3, 5, 7, 9; very weak, weak, moderate, good, very good) and weights of the criteria (taken from table 8) are given below in table 13. ELECTRE III methodology is applied to identify the most suitable 3PRF candidates as described in previous section. On the basis of ranking, it can be clearly deduced that recovery facilitator C is the most suitable one for the organization. Moreover, recovery facilitators A and B acquire same ranking position referring that both of them have almost same performance after 3PRF C. Hence, it can be seen that suggested methodology can practically tackle the issue of 3PRF selection without any ambiguity. Furthermore, the performance of all three 3PRF candidates is show below graphically in figure 5 .
From the graph, it can be seen that 3PRF B has the best performance in area of infrastructure, which is the most significant criteria according to ISM model. Further, 3PRF A has the best performance related to capability but, very weak performance in the area of RL functions. On the other hand, 3PRF C, which is at first position in the ranking, has moderate performance in all the four considered criteria. So, it can be inferred that selection of 3PRF cannot be solely done on basis of performance in the most important criteria only. The performance in relatively less significant criteria also matters during the selection process.
CONCLUSIONS AND MANAGERIAL IM-
PLICATIONS
The product recovery operations are becoming imperative for organizations due to increasing legislative pressure and customer awareness. Additionally, due to complexity of RL activities, proficiency is required for its successful implementation. As a result, organizations are opting for outsourcing of recovery operations and therefore, issue of suitable 3PRF selection is arising. The paper introduces a novel approach combining the ISM and ELECTRE III methodologies to address this problem of 3PRF selection from a new perspective. ELECTRE III is a more focused and practical method, as unlike other methods it considers the imprecision present in data and also ensures that an extremely low score on a criterion cannot be compensated by the good scores on other criteria. The study presents a comprehensive list of ten criteria and forty three sub-criteria for initial screening of recovery facilitator candidates. Subsequently, the interrelationships among the criteria are studied with the help of ISM methodology to determine the most significant criteria. Additionally, the application of ELECTRE III method in the case study to determine the best 3PRF affirmed that suggested model has the capability to address this problem practically.
The proposed model attempts to focus and simplify the process of recovery facilitator selection by considering only the most significant attributes. In addition, the research also provides following implications at managerial level:
• The study successfully develops and implements a comprehensive decision model to guide organizations in the selection of optimal 3PRF.
• The model takes into account a wide range of criteria, making it more practical and realistic.
• In this study, none of the criteria is present in Quadrant I in MICMAC analysis which represents that all the considered criteria have a significant impact in 3PRF selection. Consequently, organizations should focus on all the considered criteria for initial screening of 3PRFs.
• Environmental aspect, Social aspect and Service level lie in the Quadrant II showing that they have very weak driving power and are dependent on other criteria, which implies that an enhanced performance in other considered attributes can influence the performance in these criteria also.
Accordingly, organizations can relax can a little while considering above mentioned three criteria.
• Capability and Compatibility are independent criteria as they have weak dependence power. Consequently, organizations need to emphasize more on these criteria as they are not getting influenced by other attributes.
• Reverse Logistics functions, Infrastructure, Efficiency, Effectiveness and Financial Viability are present in Quadrant III which makes them linkage variables having high dependence and driving power. These attributes are quite unstable as they highly influence other criteria and are also highly influenced by them. Further, organizations need to be careful while evaluating performance of 3PRF with respect to these criteria.
• On the basis of ISM model, Infrastructure, which includes sufficient in-house Facilities, RL Information System, Efficient Technology, Trained Manpower, Proper location and Geographical Spread, is the most significant criteria for 3PRF selection as it occupies the bottom most level of hierarchy.
• To reduce the time taken and tediousness of selection process, four most significant criteria acquiring the bottom levels of ISM model, Infrastructure; Capability; Compatibility and RL Functions, are suggested for final selection of recovery facilitator.
• The paper presents a novel MCDM technique, ELECTRE III, which is a more pragmatic and reliable technique for selection process as it takes into account imprecision and uncertainty which can exist in expert opinions.
• The proposed model can provide more focused and precise results compared to other models present in literature.
Although, organizations are moving towards recovery operations, still lot of work has to be done in this field to make RL a viable proposition. This paper addresses one of the issues associated with product recovery operations and can assist enterprises in taking one step closer towards RL. More case studies need to be carried out in different sectors e.g. manufacturing, electronics, automobiles etc. to get feedback from organizations for refinement and generalization of proposed model and results.
